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Abstract 

Background  Vaccination is one of the most effective strategies in mitigating the severity of SARS-CoV-2 infection. 
While a connection between poor nutritional status and diminished immune responses to vaccination has been 
noted, comprehensive reviews elucidating this association have been scarce. To address this gap, we conducted 
a scoping review to characterise the relationship between nutritional status (specifically, body mass index (BMI) 
or micronutrient deficiencies) and the responses to COVID-19 vaccination, encompassing efficacy, effectiveness, 
and immunogenicity.

Method  We searched PubMed, OVID-Medline, Scopus, Cochrane Covid Register, LitCovid, and WHO COVID-19 
research databases for studies that reported the association between nutritional status and responses to the COVID-
19 vaccines (published between December 20, 2019, and December 30, 2023). Two reviewers independently 
screened the articles, and disagreements were resolved through consensus or by a third reviewer.

Results  Seventy-three out of 1,853 identified articles were included in this review, predominantly featuring cohort 
designs (72%). Among these studies, 63% reported BMI, 30% focused on micronutrients (specifically vitamin D, 
selenium, iron, zinc), and 6% examined both. Most studies (84%) focused on vaccine immunogenicity. The most fre-
quently studied vaccines were BNT162b2 (Pfizer, 74%), ChAdOx (AstraZeneca, 23%), and mRNA-1273 (Moderna, 14%). 
High BMI significantly reduced COVID-19 vaccine immunogenicity in 23 studies, while adequate vitamin D was associ-
ated with increased vaccine response in seven studies.

Conclusion  Overnutrition and micronutrient deficiencies (vitamin D, iron, selenium and zinc) have been observed 
to attenuate the potency of COVID-19 vaccines. Future strategies aimed at prioritizing vaccination in obese and over-
weight individuals, or enhancing their vaccine response, may involve identifying measures such as the provision 
of booster doses. Additionally, efforts should ensure micronutrient adequacy, including improving vitamin D status 
through strategies like increased sun exposure or supplementation, particularly for deficient individuals.
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Introduction
The COVID-19 pandemic has led to health, social, and 
economic crises on a global scale [1]. As of August 16, 
2022, The World Health Organization (WHO) reports 
that over 590 million people worldwide have been 
confirmed to have contracted COVID-19, with 6 mil-
lion reported to have died [2]. This pandemic has fur-
ther exacerbated health inequalities both within and 
between countries [3]. Within vulnerable populations, 
safe and efficacious vaccines play a pivotal role in pre-
venting disease and mitigating the risk of transmission 
[4].

COVID-19 vaccination is a crucial and effective 
strategy in the overall pandemic control, particularly 
in preventing hospitalisation, admission to intensive 
care units, and fatalities associated with Severe Acute 
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) 
infections [5]. However, the response to the COVID-
19 vaccine varies between individuals, affecting both 
protective efficacy and vaccine’s duration of immu-
nity. Vaccine response in individuals is determined by 
strain virulence, vaccine types and host factors such as 
age, comorbidities and nutritional status. Poor nutri-
tional status has been associated with reduced antibody 
production and compromised the ability to generate 
immune memory cells [6–10].

Reports indicate an escalation in COVID-19 severity 
among individuals with high body mass index (BMI) 
or micronutrient deficiencies [11]. Further investi-
gation is warranted to ascertain how nutritional sta-
tus influences the immune response conferred by 
COVID-19 vaccination. While some studies have 
explored the relationship between individual nutri-
tional status and the effect of COVID-19 vaccines, 
there remains a scarcity of comprehensive literature 
mapping and reviewing the available evidence on 
COVID-19 vaccines and poor nutritional status. In 
response to this gap, we conducted a scoping review 
to map and describe the association between nutri-
tional status (BMI, as a proxy for macronutrient sta-
tus, or deficiency in micronutrients) and COVID-19 
vaccine responses (including vaccine efficacy, effec-
tiveness, and Immunogenicity).

Methods
We adhered to the standard reporting guidelines out-
lined by the Preferred Reporting Items for Systematic 
Review and Meta-Analysis extension for scoping review 
(PRISMA-ScR) [12]. A detailed account of each step in 
the scoping review process is provided in the subse-
quent subsections.

Operational definition, inclusion and exclusion criteria
Vaccine response was defined as any report on either 
vaccine effectiveness, efficacy, and Immunogenicity. 
Vaccine effectiveness was defined as vaccine perfor-
mance in real-world settings to protect individuals 
from health outcomes like infections, symptomatic 
diseases, hospitalisation, and deaths. Vaccine efficacy 
was defined as the performance of a vaccine meas-
ured under controlled clinical trial conditions. Vac-
cine immunogenicity was defined as the production 
of antibodies directed against viral proteins, including 
IgG and secretory IgA antibodies, and their functional 
capacity to neutralise the virus in  vitro or to mediate 
antibody-dependent cellular cytotoxicity.

The inclusion and exclusion criteria for the study were 
as follows:

Inclusion criteria: (i) original studies, including obser-
vational and experimental studies, that reported BMI and 
micronutrient status related to COVID-19 vaccine effec-
tiveness, efficacy, and Immunogenicity, (ii) studies pub-
lished between December 20, 2019, and December 30, 
2023, written in the English language. Exclusion criteria: 
(i) Full-text unavailability, and (ii) Studies from grey lit-
erature sources.

Searching strategy and selection criteria
We conducted a thorough search across six electronic 
databases, namely PubMed, OVID-Medline, Scopus, 
Cochrane Covid Register, LitCovid, and WHO COVID-
19 research database, to identify relevant studies pub-
lished between December 20, 2019, and December 30, 
2023. The search strategy and selected keywords are 
outlined in Supplementary 1. This encompassed a com-
prehensive set of terms, including ((nutritional status 
OR malnutrition OR body mass index OR obesity) OR 
(micronutrient deficiency OR vitamin deficiency)) AND 
(COVID-19 vaccine) AND (efficacy OR effectiveness OR 
immunogenicity). Variants and combinations of these 
search terms were employed and tailored to each specific 
database. The detailed study protocol has been registered 
on the Open Science Framework (OSF) [13].

Publication selection
All studies identified from the databases were 
uploaded to the reference management software, 
Rayyan—a web-based systematic review tool, facili-
tating the screening process. Duplicate studies were 
systematically excluded through the software. Two 
researchers (SR and RPP) independently screened 
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titles and abstracts against the predefined inclusion 
and exclusion criteria. In the case of disagreement 
between reviewers, resolution was achieved through 
consensus or consultation of a third reviewer (VO). 
Full-text articles were retrieved for all studies meeting 
the eligibility criteria. Studies lacking full-text access 
were excluded from further consideration.

Data charting management
Data extraction was performed based on the final list 
of studies. We extracted data from included studies 
encompassing vaccine responses, study designs, study 
years, population, types of nutritional status, types of 
vaccine, study location, age of participants, and year 
of studies. All data were extracted to a Microsoft Excel 
database, which the study team had pretested before 
initiating the extraction process. Themes were identi-
fied from the extracted data through careful reading 
and discussion among the authors. Two authors exe-
cuted data coding independently, with subsequent dis-
cussions to finalize and group codes into overarching 
themes. Narrative descriptions of the evidence were 
written for each theme identified during the stages. All 
authors reviewed these descriptions for clarity and rel-
evance. To enhance readability, specific themes were 

combined. Given the nature of a scoping review, a risk-
bias assessment was not conducted.

Role of funding sources
The funders played no role in the study design, data col-
lection or analysis, decision for publication, and manu-
script preparation.

Results
Characteristics of included studies
Figure 1 shows the PRISMA flowchart of this study. Out 
of 1853 articles found, we removed 432 duplicates in this 
study. In addition, from the title and abstract screening, 
we removed 1313 articles that did not meet the eligibility 
criteria. Finally, after the full-text screening, an additional 
35 articles were excluded.

Seventy-three studies were included in our final anal-
ysis. The predominant study designs included cohort 
studies (72%), followed by cross-sectional (14%), case–
control (7%), and randomized controlled trials (RCTs) 
(7%) designs (Table 1).

Most of the studies in each region were conducted 
in Italy (n = 12/36, 33%, European countries), Turkiye 
(n = 7/30, 23%, Asia Pacific countries), USA (n= 6/7, 
86%, American region). Among these studies, forty-six 
focused solely on reporting BMI (63%), while twenty-two 

Fig. 1  PRISMA flowchart
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studies concentrated on micronutrient deficiencies (vita-
min D, selenium, zinc, and iron/ferritin, 29%). The identi-
fied types of vaccines were predominantly Pfizer (74%), 
AstraZeneca (23%), and CoronaVac (19%). A significant 
proportion of studies reported vaccine immunogenicity 
or antibody responses (84%), with the second dose of the 
vaccine being the most frequently reported (75%) [14–18, 
20–24].

BMI and vaccine responses
Details of each study are listed in Table  2. Thirty stud-
ies out of 46 studies on macronutrients reported a sig-
nificant association between BMI and any vaccine 
responses in malnourished individuals, either with over 
or under-nutrition (24 studies focused only on obesity, 
2 studies included obese, overweight, and underweight 
participants, and 4 studies treated BMI as a continu-
ous variable) and 16 studies found no significant asso-
ciations [10, 14–42]. A diminished vaccine response was 
observed in obese only individuals across 24 studies [10, 
14–38], while two out of 30 studies highlighted a similar 
trend in both overweight and underweight individuals 
[33, 34]. Three studies that reported BMI as a continu-
ous variable demonstrated a trend of increased vaccine 
response with higher BMI [39, 41, 42]. Twenty-three 
studies reported significant association between BMI 
and vaccine response, focusing on immunogenicity [14–
30, 33–35, 38, 40–42]. Excluding individuals with acute 
COVID-19 during the study, obesity was still associated 
with reduced anti-S IgG levels (OR: 3.87; 95% CI: 1.44–
11.99) [15]. The association between obesity and immune 
response was reported to vary by SARS-CoV-2 variants. 
Obesity was found to significantly reduce antibody levels 
against the receptor-binding domain from Wuhan Hu-1 
and B.1.1.7 (Alpha), but not B.1.351 (Beta), P.1 (Gamma), 
or B.1.617.2 (Delta) [26].

Vaccine effectiveness (VE) or efficacy was reported 
by eight studies with outcomes including VE against 
COVID-19 infections, emergency department presenta-
tions, hospitalisation, ICU admission, and mortality [10, 
22, 31, 32, 34, 36, 37, 39]. Breakthrough infection with 
severe COVID-19 manifestations was reported higher in 
obese compared to healthy-weight individuals (OR 1.61; 
95% CI 1.17—2.21) [36]. Van der Klaauw et al. reported 
that individuals with severe obesity (BMI > 40 kg/m2) 
who were vaccinated had a 76% higher likelihood of hos-
pitalisation or death due to COVID-19, with an adjusted 
rate ratio of 1.76 (95% CI 1.60–1.94) [37]. A study by 
Piernas et  al. reported comparable vaccine effectiveness 
among overweight or obese individuals with healthy-
weight individuals [34].

Table 1  Characteristics of the included studies

* Each percentage except for the type of vaccine
α Other population: ED (emergency department) adult patients

Indicators N = 73 %

Year of publication

  2021 12 16

  2022 47 64

  2023 14 19

Study design

  RCT​ 5 7

  Cohort 53 72

  Case–control 5 7

  Cross-sectional 10 14

Region/Country

  Asia Pacific 30 41

  Europe 36 49

  America 7 10

Population

  Healthy Population 60 82

  Individuals with chronic diseases 5 7

  Immunocompromised individuals 5 7

  Other populationα 3 4

Type of vaccine*

  Pfizer (BNT162b2) 54 74

  AstraZeneca (ChAdOx1-S) 17 23

  Moderna (mRNA-1273) 10 14

  Sinovac (CoronaVac) 14 19

  Covaxin (BBV152) 1 1

  Sputnik V (Gam-COVID-Vac) 1 1

  Sinopharm (BBIBP-CorV) 2 3

  Johnson & Johnson (Ad26.COV2.S) 2 3

No. of vaccine doses

  1 st 7 10

  2nd 55 75

  3rd 10 14

  Not stated 1 1

Nutritional status indicator*

  BMI/Obesity 46 63

Micronutrient

  Vitamin D 12 16

  Ferritin (Fe)/Iron 3 4

  Selenium 2 3

  Zinc 1 1

  Multivitamin 2 3

  Multimineral 2 3

BMI and Micronutrient 4 6

Malnutrition risk 1 1

Type of outcome

  Vaccine efficacy 1 1

  Vaccine effectiveness 10 14

  Antibody response/Immunogenicity 61 84

  Combination 1 1
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Micronutrients and vaccine responses
Out of seventeen studies [62–69, 73–75, 81, 82, 84], seven 
[62–64, 66–68, 84] studies reported that higher vitamin 
D levels significantly enhanced the vaccine response. One 
study reported a significant difference in mean vitamin D 
levels between seronegative vs. seropositive groups (20.2 
± 8.7 ng/ml vs. 23.7 ± 6.9 ng/ml (p < 0.01) [66].

Nutritional status, comorbidities, and vaccine responses
Two studies involving individuals with comorbidities, 
specifically cancer [23] and chronic kidney disease with 
hemodialysis [15], demonstrated that obesity attenuated 
messenger RNA (mRNA’s) vaccine responses (Pfizer–
BioNTech or Moderna). As depicted in Table 3, a study 
by Mendizabal et  al. [21] focusing on liver transplant 
recipients indicated a significant reduction in humoral 
response with increased BMI (OR, 0.4,95% CI, 0.2–0.7; 
p= 0.005) [21]. Additionally, two studies reported that 
high ferritin status (> 600 mg/ml) [59] and normal vita-
min D status (> 20 ng/ml) [66] increased antibody 
response among hemodialysis and solid-cancer patients.

Discussion
We have identified 73 studies investigating the associa-
tion between nutritional status and SARS-CoV-2 vaccine 
response, including immunogenicity, vaccine efficacy and 
effectiveness. The evidence consistently indicated that 
high BMI, particularly in individuals classified as obese, 
was associated with a reduction in vaccine response. The 
trend was most pronounced in studies with substan-
tial sample sizes [10, 15–21, 24–26, 29–37, 44] and the 
reported significant associations persisted across various 
vaccine types. Malnutrition was frequently associated 
with decreased detection of serum-neutralizing antibod-
ies against SARS-CoV-2 (anti‐SARS‐CoV‐2 Spike) [15, 
21, 60], suggesting an attenuation of immunity [34]. On 
the contrary, an adequate vitamin D status demonstrated 
beneficial effects in enhancing immune response follow-
ing vaccination [62–68, 75, 83, 84].

While the specific biological mechanism underlying 
obesity’s impact on reducing vaccine response remains 
elusive, existing evidence suggests that obesity is asso-
ciated with increased COVID-19 severity from both 
genetic [86] and pathophysiology perspectives [86, 87]. 
Obesity exhibits a more pronounced clinical impact than 
other known COVID-19 comorbidities, such as diabe-
tes and cardiovascular diseases [86]. Notably, individu-
als with obesity face higher odds of hospital admission, 
intensive care unit (ICU) admission, invasive mechanical 
ventilation (IMV) use, and mortality [88, 89].

From a pathophysiological standpoint, the heightened 
expression of angiotensin-converting enzyme two recep-
tors on the cell surface of adipose tissue in individuals 
with obesity facilitates the invasion of SARS-CoV-2. This 
may be coupled with reduced diaphragmatic excursion 
and impaired pulmonary function during infections, 
resulting in poor ventilation [90]. On the immunologi-
cal front, adipocytes and macrophages within adipose 
tissues generate signaling molecules, including TNF, 
IL-6, leptin, and resistin. These molecules contribute 
to chronic inflammation, exacerbating metabolic and 
immunological complications associated with obesity 
[91, 92]. Obese individuals experienced metabolic imbal-
ances, immune system dysfunction, reduced antibody 
levels, and decreased pathogen clearance [93]. Prior 
research on various vaccines has suggested that obesity 
may compromise T-cell response, potentially explaining 
the heightened risk for severe COVID-19 outcomes in 
obese individuals, even post-vaccination [94–96]. Poor 
seroconversion in people with obesity has been reported 
[94], raising questions about whether this is due to a 
failure to boost immunity, or a higher waning rate. This 
uncertainty underscores the potential necessity for sub-
sequent vaccine boosters in this population.

Likewise, the association between micronutrients and 
SARS-CoV-2 vaccine responses remains inconclusive, 
with a broad spectrum of micronutrients under inves-
tigation. Prior work has suggested the potential role of 
micronutrients in gender-specific humoral immunity 
after SARS-CoV-2 infection [97]. Gao et  al. observed 
that elevated selenium levels enhanced neutralising anti-
body responses to Omicron in recipients of inactivated 
COVID-19 vaccines, whereas Nesic et  al. reported no 
association between selenium levels and immunogenic-
ity in mRNA vaccine recipients, indicating potential vac-
cine-specific effects. [98] Additionally, the combination of 
selenium and zinc was reported to increase IgG and IgM 
levels in vaccinated individuals [79]. Among the investi-
gated micronutrients (ferritin, selenium-zinc, and vitamin 
D), adequate vitamin D consistently emerged as a positive 
factor in improving vaccine responses [66, 68, 83].

Vitamin D has been reported to have the potential as 
an immune modulator [99]. The active form of vita-
min D, 1.25-dihydroxy vitamin D, modulate the innate 
and adaptive immune systems in many ways, including 
enhancing the antimicrobial activities of macrophages 
and monocytes, and upregulating the expression of the 
complement receptor immunoglobulin. Supplementation 
with vitamin D can augment the immune system’s abil-
ity to respond effectively to the COVID-19 vaccine [100]. 
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However, the impact of vitamin D deficiency on vac-
cine response remains contradictory [101]. A systematic 
review and meta-analysis of 9 studies (N= 2367 partici-
pants) reported the association between vitamin D level 
and the immunogenic response to influenza vaccine. 
This analysis revealed strain-specific differences in asso-
ciations with lower serum protection rates of influenza A 
virus subtype H3 N2 (A/H3 N2) and B strain in vitamin 
D deficient participants than vitamin D sufficient partici-
pants. Overall, no consistent associations were reported 
between vitamin D and vaccine response to the influ-
enza vaccine [102]. This aligns with our finding that the 
association between vitamin D status and the COVID-19 
vaccine remains unclear. Nevertheless, considering the 
potential benefits of vitamin D for preventing infection, 
severe COVID-19 [103, 104], and overall health [99], 
strategies to improve vitamin D status through sun expo-
sure or supplementation in deficient individuals may be 
worth considering.

This scoping review provides a comprehensive sum-
mary of findings from diverse research endeavours 
exploring the link between nutritional status and vaccine 
responses across various types of vaccines and World 
Bank country classifications. However, several limitations 
warrant acknowledgement. First, excluding grey litera-
ture may have resulted in the omission of valuable data. 
Moreover, the predominance of observational studies, 
particularly those employing cohort designs, introduces 
potential confounding variables that may limit the inter-
pretability of our study. The lack of studies from Africa 
limits the generalizability of our findings to this region, 
underscoring the necessity for context-specific investiga-
tions. Given the inherent nature of the scoping review, we 
did not perform a risk of bias assessment in this review. 
Future studies using a meta-analysis approach are needed 
to obtain the pooled effect size of BMI and micronutri-
ents associated with vaccine response.

Conclusions
This scoping review maps a wide range of studies exam-
ining the relationship between vaccine response, body 
mass index (BMI), and micronutrient deficiencies. The 
findings emphasize a diminished vaccine response in 
individuals with overnutrition or deficiencies in key 
micronutrients, including vitamin D, iron, selenium, and 
zinc. It underscores the need for further research into 
the mechanisms by which obesity affects immunization 
and the development of targeted immunization strate-
gies to enhance vaccine responses in overweight and 
obese individuals, particularly given the increasing global 
prevalence of obesity. An integral aspect of this strategy 
involves investigating the potential requirement for sub-
sequent vaccine boosters in this particular demographic. 

Vitamin D supplementation has been routinely used in 
the management of COVID-19 patients across various 
settings. Although its role as a vaccine adjuvant has not 
been well-documented, optimizing vitamin D status—
through natural sun exposure or supplementation—may 
enhance vaccine efficacy, improve overall health, and 
support the prevention of COVID-19 infections. Further 
research is needed to clarify its potential benefits in this 
context.
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